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(54) Radio transmission method for digital multimedia data signals between subscriber stations 
in a local network 



(57) In the radio transmission method according to 
the invention, which operates with a mixed frequency 
and time division multiplex method FDMA/TDMA, in 
which a relatively broad frequency band is divided 
according to the FDMA method into a plurality of carrier 
frequency ranges, namely the so-called main channels, 
and a plurality of time slots, namely the so-called sub- 
channels, distributed in a frame structure, are formed on 
each carrier frequency level according to the TDMA 
method, a grouping, that is to say a so-called cluster, of 
subscriber stations is assigned a limited number of main 
channels. A main channel signal is divided into one or 
more sub-channel signals which are associated with a 

wain channels (total of N> 



cluster and which are transmitted using the TDMA 
method. Each transmitter of an activated subscriber sta- 
tion transmits a detectable check signal, so that on the 
basis of detection of a check signal in the respective 
receiver, other, newly activated subscriber stations can 
determine the presence of transmit signals which are 
present within a specific, spatially limited range, namely 
their own respective transmission range. The method 
according to the invention can be used for transmitting 
information between terminals in indoor networks in a 
wireless manner without a central station. 
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Description 

The invention relates to a radio transmission method in accordance with the preamble of Patent Claim 1 . 

The transmission of information between the strongly increasing number of multimedia terminals, for example tel- 
evision sets (portable or fixed TV sets), video recorders, computers (fixed personal computers or portable laptops), per- 
sonal digital assistants (PDA), cordless telephones, alarm systems etc.. in a local network (LAN. Local Area Network^ 
for example in an indoor network, and the execution and organization of said transmission result in novel local networks. 

Furthermore in order to avoid network cabling it is desirable for these local networks to operate in a w.reless man- 
ner via radio frequency (RF) radio connections. Furthermore, each of these terminals also receive from outside different 
types of signals which in turn originate from various networks. As a result, a local network has to cope with a very wide 
variety of data rates. Thus, for example in the case of digital television (DVB. Digital Video Broadcasting) the data rate 
per program can translate up to 6 Mbit/s or. in the case of high-resolution television HDTV (High Definition Television) 
even up to 24 Mbit/s. In contrast, the data rate of the ISDN service which operates via a telephone line is only 128 kbit/s. 
For a data transfer between two computers. 2 Mbit/s are required, for example. 

An example of digital services with various data rates within a building or within a flat, that is to say a grouping (so- 
called cluster) of a wide variety of subscriber stations is given in Table 1. The overall data rate to be coped with which 
is made up of the various data rates of a plurality of digital services with different data rates, is also given in the following 
Table 1. 



Table 1 



Digital service 


Mbit/s 


2 Digital television stations 


6 + 6 


1 Digital video recorder 


6 


2 x data transfer 


2 + 2 


2 x DAB channels 


1.5+1.5 


ISDN 


0.128 


Overall data rate of the services 


25.128 



The overall data rate within a cluster can therefore be approximately 25 Mbit/s. A future local indoor radio network 
system should therefore be capable of transmitting such high data rates within a cluster. 

The RF connection can comprise, for example, the so-called ISM (Industrial Scientific and Medical) bands wh.ch 
lie at frequencies in the 2.4/5.8 GHz ranges. The ISM bands with a carrier frequency of 2.4 to 2.4835 GHz (or 5.725 to 
5 875 GHz) have a bandwidth of 83.5 MHz (or 150 MHz). Their main advantage is to be seen in the fact that an ade- 
quate indoor coverage range with low outlay on RF components of the transmitters/receivers can be obtained. Also, any 
type of modulation technology and any desired multiple access schemes may be applied in the ISM bands^There are 
also no specific recommendations or regulations with respect to the channel spacing to be maintained. The transmit 
antenna may be of integrated design; however, if reception is to be at a fixed location, the directional antenna may also 

be used for transmission. . 

However the ISM bands used for indoor communication suffer, like other similar frequencies, from multipath prop- 
agation (owing to refraction, scatter and diffraction), from Doppler shifts and from interference. The lower range of the 
first band at 2.4 GHz is also used for amateur radio purposes, which can cause strong interference in a local indoor net- 
work Furthermore, microwave ovens can also cause additional interference in the transmission channel. 

The propagation time period of indoor channels in medium-sized rooms is between 20 and 65 ns. Owing to move- 
ment in the surroundings. Doppler shifts occur which are of different sizes at the various radio frequences (for example 
approximately 10 to 1 7 Hz at 2.4 GHz and approximately 20 to 35 Hz at 5.8 GHz). Apart from multipath propagat.on and 
fading, strong interference may also occur in the frequency bands under consideration. This interference mainly origi- 
nates - as already mentioned - from amateur radio up to approximately 50 dBm transmitting power and from microwave 
equipment (microwave ovens). In addition, co-channel interference (CCI) originating from adjacent networks operating 
in the same frequency band can also reduce the efficiency of the system. 

In order to overcome the aforesaid channel interference, broadband systems with band spread spectrum technol- 
ogy and rake receivers or else narrowband systems with equalizers can be used in local networks, for example indoor 
networks A broadband system with spread spectrum technology requires a very large bandwidth. Each information 
symbol is spread with a PN (pseudonoise) code. The spread spectrum can be based, in a known manner, either on the 
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direct sequence method (DS-SS. Direct Sequence- Spread Spectrum) or on the frequency hopping method (FH S<; 
Frequency Hopping-Spread Spectrum). K ^ 

In the case of the direct sequence method, the receiver must break up all the received signal paths by means of a 
rake receiver. The multiple access can be carried out by using various spread codes, each assigned to a subscriber in 
the network. In the known US Standard IEEE.802. 1 1 a spread spectrum with DS-SS or FH-SS is used 

In the case of DS-SS. the available ISM bandwidth is initially divided up into equidistant channels of 10 MHz band 
width. Each information bit is spread by means of a PN code with a spread factor of 10. For the modulation the differ 
errtial BPSK (Binary Phase Shift Keying) modulation or the differential QPSK (Quadrature Phase Shift Kevinoi 
modulation is used. 7 yy 

However, in the case of FH-SS. 79 frequencies with a bandwidth of 1 MHz each are used. The minimum frequency 
hopping rate (frequency change) is 2.5 hops/s. In total, there are 22 PN codes for changing. The modulation isbased 
on 2- or 4-state GFSK (Gaussian Frequency Shift Keying). The maximum data rate is only 2 Mbit/s for both systems 
Neither DS-SS nor FH-SS systems use channel coding in the physical layer of the US Standard IEEE 802 1 1 

The second known possible way of combating interference in an indoor channel is to use narrowband channels with 
optional equalization. The bandwidth of each channel has to be kept proportional here to the data rate to be transmitted 

St.?? 1 6 ^ CCeSS Can be baS6d ° n FDMA ( prec l uenc y Divi *° n Multiple Access, frequency-division multiplexing)' 
l DMA (Time Division Multiple Access, time division multiplexing) or a combination of TDMA and FDMA 

Such a concept is used in the so-called DECT (Digital European Cordless Telecommunication) -Standard and also 
in the Hiperlan Standard (ETS 300 652). The DECT system uses carrier frequencies of 1 .88 to 1 9 GHz with a channel 
spaang of 1.728 MHz employing TDMA multiplex technology. A combination of FDMA/TDMA is used as multiple 
access method, the time division multiplex system being used between the cordless receiver and the base station Only 
the CRC code is used for channel coding. The audio channel with ADPCM (Adaptive Differential Pulse Code Modula- 
tion) compression has a data rate of 32 kbit/s (voice coding). The modulation is based on the so-called GFSK modula- 
tion method, which produces an overall data rate of 1.152 Mbit/s. As a result of the transmission with a low data rate 
equalization is optional for the DECT system. 

In the case of the Hiperlan system, carrier frequencies of 5.15 to 5.29 GHz are used. The available bandwidth is 
divided into five bands of approximately 23.5 MHz. In this system, transmission is provided at a high data rate (23 5 
Mbrt/s) and at an centre data rate (1 .47 Mbit/s). The multiple access is based on the TDMA method For transmission 
at a high data rate GMSK (Gaussian Minimum Shift Keying) is used as the modulation method and for transmission at 
the centre data rate FSK (Frequency Shift Keying) is used as the modulation method. For channel encoding the 
BCH(31,26,3) code with time multiplexing is used, which makes it possible to correct an individual bit (or to detect two 
bit errors. Because of the high data rate, an equalizer is used in this system to minimize the effects of intersymbol inter- 
ference (ISI). 

With the exception of the DECT Standard, the existing standards are basically provided for data transmission 
Since the propagation time is not a critical criterion during data transmission, the ARQ (Automatic Request) protocol is 
usually used to achieve reliable transmission. For this reason, only one error detection or a very simple error detection 
code is customarily used for these standards. 

The concept which is applied in the US Standard IEEE.802. 1 1 already mentioned does not permit a higher data 
rate than 2 Mb.t/s per channel. If. for example, ail the available channels are used, the overall data rate does not exceed 
1 4 Mbit/s. Furthermore, it is difficult with this concept to achieve a variable data rate. If the interference power originating 
from amateur radio equipment or microwave ovens is very high, one or more channels of 10 MHz bandwidth (in the 
case of DS-SS systems) cannot be used for the data transmission, which leads to a severe reduction in the resources 
available. 

The DECT system which is basically configured for the telephone service permits neither high data rates nor vari- 
able.data rates to be transmitted. The maximum data rate per 1 .728 MHz channel is limited to 1 . 1 52 Mbit/s. which con- 
flicts with an application in the indoor transmission systems under consideration here. Furthermore the network 
topology used in the DECT system is a central topology, i.e. a base station is required to coordinate all the active sub- 
scribers within the network. The communication between two subscribers within the network takes place via a base sta- 
tion, giving rise to a very low spectral efficiency (low overall data rates of all the active subscriber stations) when used 
in an indoor transmission system under consideration here. The presence of a base station is also unfavourable for eco- 
nomic reasons. 

In addition, the aimed-for bit error rate in the DECT system is considerably higher than is necessary in the case of 
a video transmission. The high degree of flexibility provided with the DECT system can be controlled only with great dif- 
ficulty in the case of services with a high data rate. A voice channel requires only 32 kbit/s. Overall 120 frequency slots 
and time slots which are available for voice channels are produced. For this reason, the probability that all the frequen- 
cies are being used in the neighbouring buildings or flats is very low. 

Thus, it is not necessary to have any previously assigned frequency slots or time slots. However it is difficult to 
adopt th.s strategy for applications which high data rates (more than 25 Mbit/s), as in the case of the indoor systems 
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under consideration here, since the number of such channels in the ISM bandwidth or in similar bands will be much 
lower. 

The Hiperlan system permits transmission with a high data rate, but not with a data rate which is lower than 1 A7 
Mbit/s, which, for the case of ISDN transmissions, means, for example, that ISDN signals cannot be transmitted effi- 
5 ciently, since in this case there is a much lower transmission data rate, namely of 128 kbit/s. The low channel-coding 
error-correction capacity used in the Hiperlan system is not appropriate for a video transmission. 

Furthermore, in the case of high-power interference, it is necessary to separate off one or more channels with a 
bandwidth of 23.5 MHz each, which drastically reduces the spectral efficiency of the overall system. The Hiperlan sys- 
tem requires time multiplexing, which in itself has the advantage that the error statistics at the input of the channel 
w decoder are decorrelated. However, the disadvantage of any multiplexing is its additional propagation time, which is 
unsuitable for interactive services such as video telephone services, telephone services etc. 

The invention is based on the object of providing a radio transmission method for broadband digital multimedia data 
services, for example digital television, voice, data, between subscriber stations in a local network, in particular in an 
indoor radio network, employing a completely decentralized, distributed system topology, in which each subscriber sta- 
ts tion can communicate directly with any other subscriber station in the network, the large range of different transmission 
data rates (from a few kbit/s up to several Mbit/s) of the various services being covered completely and a suitable mul- 
tiple access method with robust channel coding, modulation and synchronization device being selected. The quality 
requirements (bit error rate less than 10" 10 in the case of a video transmission and less than 10" 3 for voice as well as 
low propagation time of approximately 10 ms) which are made of the various services, will also be fully retained for 
20 transmission in the local network. In this context, it will be possible to use low-cost transmitters/receivers with a low level 
of complexity. Furthermore, a high level of flexibility with respect to frequency planning and radio resource management 
is to be possible. 

According to the invention, this object is achieved with a radio transmission method of the generic type by means 
of the features specified in the characterizing part of Patent Claim 1. 
25 Expedient developments of the radio transmission method according to the invention are specified in the sub- 
claims. 

The radio transmission method according to the invention is explained below in detail. 

Fig. 1 shows a block circuit diagram of a general concept for a system for executing the radio transmission method 
30 according to the invention; 

Fig. 2 shows the block circuit diagram of a transmitter in the system according to Fig. 1 ; 

Fig. 3 shows the block circuit diagram of a receiver in the system according to Fig. 1 ; 

35 

Fig. 4 shows a diagram of the dividing up of a frequency band in the case of FDMA multiple access; 

Fig. 5 shows a diagram of the organization in a TDMA time slot; 

40 Fig. 6 shows a diagram of a possible way of implementing a frame with, for example, 1 00 TDMA time slots; 

Fig. 7 shows the structure of a frame in detail. 

Fig. 8 shows a diagram of the organization structure in a sub-slot; 



45 



Fig. 9 shows a flowchart of an example of the strategy during the initialization of a communications connection for 
the transmit end; 

Fig. 10 shows a flowchart of an example of the strategy during the initialization of a communications connection for 
so the receive side, and 

Fig. 1 1 shows an example of a channel scheme which contains main channels at the top and a main channel 
selected therefrom at the bottom with a plurality of time division multiplex (TDMA) frames each represented 
symbolically as boxes. 

A general concept for a system for executing the radio transmission method according to the invention is illustrated 
in Fig. 1. The essential factor is that each subscriber station communicates with other subscriber stations independ- 
ently, i.e. without the intermediate connection of a base station. The subscriber station Uj receives with its receiver RX 
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all the signals broadcast by the transmitters TX of the subscriber static . . . , . 

channel CH V ..CH N . each subscriber station extracl^^^^^^ T the ^ssion 

The block circuit diagram of the transmitter TX of the subscr Z IT ■ S ' 9na ' S - 
trated in Fig. 2. The transmitter has a signal ^Zcl T a cSn^eU^ a T? TT to ^ 1 is «- 

selector 3 and a packet formatter 4. a modulation and filter oWe 5 aZ a Lt ???? COm P risin 9 « time-slot 

broadcast into the free space via an antenna. The time- Jot SZl VZZ » !' y Wh,Ch the transmit si 9 na,s are 

front end 6 are controlled by the associated recefver ^ t*t f2 hi h kIT freqUenCy Se,ector 7 strolling ,he 
The block circuit diagram of the receivpr Rx^ft., ™ 1 W|11 be described later in detail. a 6 

trated in Pig. 3 . B^^^^^^^^^ * «" ^system according to Fig. i is illus . 
cuted there. The signals which are received v* an Senna Da °' the,ran ™ 6r TX a <*° rdin 9 * Fig. 2 are exe- 
synchronization and equalization device 9 and a channel S£ m ™ * *° nt "* * 3 demod "'ation. fii ter . 

controls the front end 8 with respect to the carttSS^lI h ^ S ' 9nal decoder 1 1 A control unit 12 
polling the asso^ 

will be described later in detail with respect to the functions r6Ce ' V6r V ' 3 deviCes 13 and 14. which 

ter ,s permitted to use only one or two of tr^b^^^S^^^S^ 2T *" FDMA Setting - Each clus- 
Then. the TDMA technology is finally used on each oMhSl^ln^rH^T^ 0 ^ by ^"cies. 
subscriber stations. wineseDands m order to divide up the spectrum between different 

The access to the network is random However parh n* »h„ ^..^ ^ 
FDMA frame comprising a plurality of time £T££2£ on^LZ^ T addreSS Within *>* 

or more me slots. ,t is thus easily possible to transmit *thV^?5^ 8Won 18 3SSi9ned one 

-sin, £ bT^S ^^^Z^X - ~" — * - carrier 

the channel coding depends on the bit error rate Jn^^^Z^ " ^ ^ The se,ection °' 
.ore. the comity of the channel decoding to be 

approximately BER si o*. The bit error rate for data t^S^^!",! Srr ° r rate (BER > for voice s ^ices is 
the b,t error rate for video transmission requires a ver^ow b Te°o ra^BER ^-"T^ 6 ° f BER S 1 °" 6 h COntrast ' 
compatibility with the DVB Standard for channel coding it wou^be aatfsal ,1 Fur thermore, in order to maximize 
mon code RS(204. 1 88. 1 7). Reed-Solomon codes awWS^l^S^^ 3 bUt eff6Ctive R «*-Solo- 

-ng « .ndoor channel states is very slow, for which Sa^JlS^^T"- ^ ^ Furthermo '*. *e chang- 

ln addition, in the exemplary embodiment illuVtr^HmTn multiplexing ,s not very effective, 

the propagate time raqurSU,^ is not any more owing to 

for example data transfer, there may. however be the oDtion ^lml n ,nsensit ™ «° Propagation times, 

description in conjunction with the frame structure it a.so becom- h mu,tiplexin 9 F '°m a later part of the 

QAM), a Reed-Solomon codeword conmp^S^^^^f- * 9 Case of QPSK ™^ a «on (or 1 6 
ensures compatibility with the MPEG (Moving plcfcreTxnVm ( ° 3 qU3rter (1/4) <* a time s, °t)- This fact 

in an indoor environment, it is necessary to aS ^ ** digital video siana »*- 

the same overall spectrum. For this reason. Internee ^SS^f^ " Partidpate in 

attempts must be made to avoid it. Furthermore the ISM band* ^ ' T Un,tS h3S t0 be taken into account or 
explained, from the presence of high-perforZce ^^S^T^^^ ^ 35 has a,read y Deen 
services. In order to counteract these difficultiS Tn Z^T^ 6 ^' Ch * brOUght ^ b V amateur radio 
bination of FDMA with TDMA is used. Aao *tt ^an FDMA settino ST t0 the invention an com- 

O equidistant bandwidths of 10.4375 MHz. Only a °£2 ^^t^^" 6 ^ '* dMded Up into a 
cluster. Thus, the clusters are separated by dSSS?fr^2Sr L ^ . *** bandwidth s) may be used in each 
applied to each of these bands, blrt onJ^T^**^ 98 - Rna,,y ' the access technology is 

tne 5.8 GHz ISM band from 150 MHz) is divide into « 7 ' T^::.. ' ™ ( ° r 146125 MHz bandwidth in the case of 
d.agram for the case of a 2.4 GHz ISM band in Fin * ^ ' "' S sp,,tt,n 9 U P of «» band is represented in a 

case of 150 MHz one cluster can use two ban**^^ bands ^ver in the 

on oana is separated by a guard band of 0.4375 MHz, 10 MHz 
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being used for data transmission within a cluster. 

Time multiplexing (TDMA) is used as multiple access technology within each cluster and band. It permits a large 
number of subscriber stations to operate within a cluster, each subscriber station being able to use the medium for a 
period of time. Relatively long messages are organized into packets which are transmitted in specific time slots. The 
5 basic precondition consists in the fact that each subscriber station can communicate with every other subscriber station 
within a cluster without using a base station. 

There may be a point-to-point or a point-to-multipoint (radio) communication, it also being possible to use the ARQ 
protocol in the former case (optional). Each packet is located in a time slot here. The time slot positions are known to 
the receiver and to the transmitter. The time slot clock can be controlled by each of the active subscriber stations, spe- 
w cifically as a function of which subscriber station has firstly begun to transmit on the clear channel, i.e. the time slot 
structure is determined by the first subscriber station using the channel and is followed by any other subscriber station 
which would like to join in. 

Fig. 6 is a diagram of a possible way of embodying a frame with, for example, 100 TDMA time slots. The frame 
structure is also specified by the first subscriber station. Each packet occupies a time slot. For example, 860 modulated 
15 symbols may be combined per packet. 

As is shown by Fig. 5 in an organization diagram, each transmitted time slot contains, between two data compo- 
nents, a midamble which is used for assessing channels, equalization and synchronization. The time slot ends with the 
so-called guard time Tg, which does not contain any information at all. 

Fig. 7 illustrates the structure of an exemplary frame in detail. Each TDMA frame has a duration of 10.32 ms and 
20 comprises 100 time slots, each with a duration of 103.2 n$. The first four time slots contain check signals. Each check 
time slot comprises 4 check signals which permits a maximum of 16 check signals. Each check signal corresponds to 
an active subscriber station within a cluster (active means receiving or transmitting or both; this depends on whether 
the application is radio or point-to-point operation). Overall, 16 active subscriber stations may therefore communicate 
within a cluster. 

25 Each time slot comprises three different components, namely the data, the midamble and the information -free 
guard time Tg. All 816 data symbols (or a packet) are divided into 2 x 408 (respective duration 48.96 jis) symbols and 
transmitted both before and after the midamble within a time slot. The midamble comprises 20 symbols with a duration 
of 2.4 jus. Each time slot is concluded with a guard time Tg with a duration of 2.88 us (or 24 symbols). The duration of 
the guard time Tg depends on the maximum echo length and both on the switch on/off time of the oscillator and on the 

30 clock accuracy levels. 

Up to eight different sequences may be selected as midamble, in each case one of the so-called training 
sequences being respectively assigned to one frequency. Each training sequence comprises 20 symbols. Of these 20 
symbols, only the 16 centre ones are used for channel estimation. The remaining 4 symbols (two at the beginning, two 
at the end) are used for echo resolution. These 16 symbols have very good cross-correlation and auto-correlation prop- 
3s erties. The various training sequences used as midamble are illustrated below in Table 2. 

Table 2 
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The transmission with variable data rate is supported by assigning a different number of time slots per service. For 
applications with a low data rate, one or two slots are used per frame. However, for applications with a relatively high 
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data rate, a relatively large number of time slots per frame are assigned. The following Table 3 shows the result™ data 
rate with respect to the number of time slots per frame when a QPSK and 16-QAM (Quadrature Amolifrio ? , , 
modulation with a roll-off factor of a = 0.2 are used. As is shown by Tab.e 3. the , ow £^ data ^^^SSS 
* approximately 1 45 kbit/s. whereas the maximum data rate is approximately 28 Mbit/s (all the timers ^^4^7 

Table 3 



Data rate in Mbit/s 


Number of time slots 


QPSK 


16-QAM 


Application 


1 


0.145 


0.291 


ISDN/DECT 


12 


1.748 


3.49 


1-2 DAB 


36 


5.24 


10.49 


2-4 Data transfer 


46 


6.7 


14.4 


1-2 Video 


96 


13.99 


27.98 


2-4 TV or 1 HDTV 



20 



25 



30 



35 



40 



45 



50 



55 



The check signals are used, together with the technology of carrier sensing, for detecting free time slots and fre 

Se "SS^TT^ r r6SOMng C0 " iSi0n COn, ' iCtS 3nd ,Qr ,n «" Wn » a ca£Z££!S££ 

The information contained in these s,gnals comprises the cluster identifier number with which the active subscriber sta- 
taon .s associated, the packet destination address, the first time slot to be used for all the further transmisskS anS So 

SST^ th f e L 6 a ' e 16 Check avai,able - E ** active subscriber station must be ipSle o° 

detecting the check signals of the adiacent cluster in order to avoid frequency collisions. 
An example of a way of organizing the check signals is given below: 

Cluster identity: 32 bits 
Terminal identity number: 6 bits 
Target address terminal identity: 6 bits 
Transmission/reception/radio: 2 bits 
Number of first slot: 7 bits 
Acknowledgement: 4 bits 
- Other purposes: 25 bits. 

„„ Sin^e the information which contains the check signals is the most important, it must be well protected. For this rea- 

T^TJ^ Tr n t Ca " advanta ° eous| y be configured in such a way that the check signals are effectively raised by 
several dBs and thus have greater power efficiency than the actual data 

nf JO? ^ ^ proposed here is based on efficierrt channel coding. The overall 82 check information bits per time slot 
of each subscriber station are coded with a rate 1/4 convolution code with 8 states. 3 bits are required for the trellis ter- 

ZSS£T" ^ ^ m0dU ' ated With 3 QPSK m0dU,ati0a WhiCh Pr0duces 170 ™* ulated symrite These 

modulated symbols are assigned to a sub-slot with a duration of 25.8 us 

svmS^ 8 ^' 6 ° f OS* 3 Vt 5l °? iS i,lustrated in a dia 9 ram in R 9- 8- Each sub-slot has a 2.4 H s-long midamble (20 

sun2 hl^f f 9 T ° f l^i 25 Symb ° IS) - K Sh ° Uld 3,80 bS n0ted that simultaneous transmission/reception at a 
subscnber station .s not poss.ble. For this reason, each subscriber station receives a sub-slot for itself No other sub 

oThLrchecttignal ^ SUb " S,0t ' ^ ° thefWise each of the briber stations cannot hear the respective 

ttu. mS, r ,,?t e rt Cha, L n nl C0 5 in9 - data Stream is modulated in the transmitter. The function of the modulator in " 

charTn^ ^ "2 I 6 ' d6V,Ce 5 (Cf " F,Q - 2) C ° nSiStS in ad ° pting the digital *9 nal to the transmission medium after the 
channel coding. For this reason, suitable modulation has to be selected, it being necessary to take into account the 
transm,s S ,on channel properties, the spectra, effectiveness, the broadcast powerand t^SX^e^t 
hinh r£l m0d f ^ met ^ w ': icn is exec ^ed can advantageously be a QPSK modulation. For a transmission with a 
52)2? 6XamP £ transmission of digital video signals, a modulation form of a higher order, for example 

mo2^p?H n !°r Sary I? 6 , maPPinQ ° f me information is based - for sample, on the Gray mapping. Further- 

wal wftJ so 1 2, a " 11 » T d6PendS 00 the C ° Verage 3rea - F ° r 3 ^erately sized coverage area (one 
wall with 30 m spacng or two walls with 1 0 m spacing), the 16-QAM modulation is used for example 

In contrast for relatively large coverage areas (two walls with 30 m spacing), the QPSK modulation is used The 

dec.s,on regarding the selection of QPSK or 16-QAM modulation is expediently made when the connection is first 
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established between two terminals. The 16-QAM modulation is selected first. If the transmitter receives an acknowl- 
edgement from a receiver, the 16-QAM modulation can be continued. Otherwise, the QPSK modulation is selected for 
further transmission. 

The filters for pulse shaping in the modulation and filter device 5 of the transmitter (Fig. 2) and in the device 9 in the 
5 receiver (Fig. 3) are both cosine 2 filters with a roll-off factor or a = 0.2. With the proviso of 16-QAM modulation and a 
factor of 1 .2-times bandwidth expansion owing to signal pulse shaping together with a channel coding rate and the nec- 
essary organization outlay (guard time, midamble, check signals), the following maximum data rate per building/flat in 
the local network is obtained: 

m R _ 10x10 6 .lS§.^-§I§.-i-= = 28Mbit/s. (1) 

In the case of QPSK modulation, the maximum data rate per building/flat in the local network is approximately 14 
mbit/s. 

Access to the network is based both on carrier sensing and on the use of the transmitted check signals. Carrier- 
15 Sensing Multiple Access (CSMA) means that subscriber stations listen into the channel and use it only if a time slot is 
free. The consequence of this is that each transmitter (or receiver) has a receiver (or transmitter) for carrier sensing. 

This can be achieved by executing a correlation with the midambies broadcast within each time slot. A seizure tech- 
nique is required which operates in such a way that subscriber stations do not make the decision to transmit simultane- 
ously. It is a precondition that each subscriber station can detect the presence of a signal within a time slot. This means 
20 that all the subscriber stations are capable of hearing one another. 

Figs. 9 and 1 0 show a strategic example for the transmit end and receive end for setting up a first connection (con- 
nection set-up = initialization) between two active subscriber stations. The terminal, which would like to transmit data, 
firstly searches for the available network (or the presence of a frame structure), i.e. the frequency used by its own clus- 
ter (cf. Fig. 9). This can be achieved by correlation with midambies and by testing the cluster identifier number of the 
25 respective check channel. 

If the network is available, the free time slots are detected again by correlating with the midambies and using the 
check channel information. Via the check channels, this new terminal seizes the first time slot by calling up the sub- 
scriber station with which it would like to speak and by indicating the first time slot which is used for the transmission. 
The accepting receiver responds on the acknowledgement channel and listens during the aforesaid time slot. If the net- 
30 work is absent, the subscriber station creates its own frame structure. 

The terminal which would like to receive data searches for the available network also, by comparing its own cluster 
identifier number with all the available frame structures (cf. Fig. 10). If its own cluster identifier number is detected, it 
searches for a request in all the check channels by checking the terminal identifier number. If there is an enquiry (the 
same terminal identifier number is found), it communicates, via the check channel, its presence and the indication of its 
35 acceptance to receive. However, if there is no enquiry, it merely informs the other subscriber stations of its presence by 
using the check channel. 

As has already been mentioned. 16 check channels are available. The seizure of the check channels is executed 
chronologically. The first check channel is used by the first active subscriber station in the network, the second check 
channel by the second active subscriber station in the network etc. In this way, up to 16 active subscriber stations can 
40 use check channels. 

Subscriber stations which wish to become active when 16 subscriber stations are already active have a network 
access without using check channels. If two subscriber stations wish to seize the same starting time slots at the same 
time, priority is given to the first of the stations. This is achieved by the request for subscriber stations to modify their 
selection of the starting time slot if another subscriber station has already transmitted on the check channel that it would 
45 like to use this time slot. 

The receiver executes, as has already been mentioned, essentially inverse operations to those of the transmitter. 
However, it is also necessary to cope with a large number of synchronization functions, arising from the time-slot syn- 
chronization between the transmitter and receiver, as well as individual packet synchronizations (position, symbol, car- 
rier). 

so The re-establishment of the symbol timing can be executed by using the midamble symbols transmitted periodically 
during each time slot. By detecting the position of other packets, the time slot pattern can be determined by using a very 
narrow loop filter. 

Frequency synchronization is required in order to determine the frequency error between the local transmitter oscil- 
lator and the local receiver oscillator. A number of pilot-supported/non-supported algorithms, for example block-based 
55 Viterbi & Viterbi (or Crozier technology) are available for this purpose. They should be precise to a few hundredths of a 
degree per symbol duration and have a hold-in range which permits cheap and simple oscillators to be used. 

The demodulation takes place coherently using the channel state information. It has been shown that each sub- 
scriber station has a useful band of t^MHz for transmitting data within a cluster. The symbol duration is then 120 ns. 
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The maximum echo length of the channel is not much longer than the symbol duration. The interference effect is 
restricted to only two symbols. The best way of counteracting this interference effect is to carry out an equalization oer 
formed in an optimum manner, i.e. executing a Viterbi equalization with only 2-4 states. 

The channel assessment can be carried out by using the midamble information. The received midamble is corre 
s lated with the known symbols, which produces the channel state information. The 16 centre symbols of the traininc 
sequence are used for forming the correlations. After the equalization, the demapping operation is executed which 
results in hard decisions. The selection of the demapping (QPSK or 16-QAM) is carried out in an empirical/practical 
manner. Firstly, the 16-QAM demapping is executed. If the error indication after the channel decodina is 1 the Op^kt 
demapping is executed. ' 
10 After the demodulation and the equalization, the contents of each packet are extracted from the received time slot 
In the case of QPSK modulation, this corresponds to a Reed-Solomon noise code word. On the other hand in the case 
of 16-QAM modulation this corresponds to a packet of four Reed-Solomon code words. These received words are 
finally subjected to a Reed-Solomon decoding. The Reed-Solomon decoding produces the best code word and corrects 
error bursts which have occurred. Up to 64 successive bit errors can be corrected by the Reed-Solomon decoding If 
is the Reed-Solomon decoding is not capable of finding a code word, it provides a signalling symbol for the presence of 
non-correctable errors. This error detection capability of the Reed-Solomon decoding can be used for ARQ protocols 
or for further procedures such as error concealment, for example. 

Fig. 11 illustrates another example of a channel scheme which contains N main channels at the top and a main 
channel selected therefrom at the bottom, with a plurality of time division multiplex (TDM A) frames As is shown by the 

so top illustration of Fig. 1 1 . a relatively broad frequency band is divided up according to the FDMA method into N carrier 
frequency ranges, namely the so-called main channels. In the example, the main channel 3 is seized According to the 
TDMA method, a plurality of time slots, namely the so-called sub-channels, which are distributed in a periodic frame 
structure can be formed on each carrier frequency level. 

The check signals to be transmitted each use a proportion of the time slots provided per main-channel signal time- 

25 slot frame. The transmission of the check signals is performed in a check block in the TDMA time-slot frame In the 
example illustrated at the bottom of Fig. 1 1. the check block is located at the start of the start of the TDMA time slot 
frame, so that the start of a time slot frame is indicated in each case by the transmission of a check block In the exam- 
ple, the check block contains the check-signal time slots K1 to KM. The main channel illustrated in particular at the bot- 
tom in Fig. 1 1 has. as sub-channels, not only the check signal time slots K1 to KM but also a plurality of time slots D1 

30 to D96 used for transmitting data. 

Claims 

1 . Radio transmission method for digital multimedia data signals between a plurality of subscriber stations each hav- 
35 mg a transmitter and a receiver, in a local network, in particular an indoor network, using a mixed frequency and 

time division multiplex method FDMA (Frequency Division Multiple Access)/TDMA (Time Division Multiple Access) 
in which a relatively broad frequency band is divided according to the FDMA method into a plurality of carrier fre- 
quency ranges, namely the so-called main channels, and a plurality of time slots, namely the so-called sub-chan- 
nels, distributed in a frame structure, are formed on each carrier frequency level according to the TDMA method 

to characterized in that a limited number of main channels, but at least one, is assigned to a grouping, that is to say a 
so-called cluster, of subscriber stations, in that a main channel signal is distributed between the one or more sub- 
channel signals which are associated with a cluster and which are transmitted using the TDMA method in that 
each transmitter of an activated subscriber station transmits a detectable check signal, and in that, on the basis of 
detection of this check signal in the respective receiver, other, newly activated subscriber stations determine the 

is presence of transmit signals within a specific, spatially limited range, namely their own respective transmission 
range. 

2. Radio transmission method according to Claim 1. characterized in that the check signals to be transmitted each 
use a proportion of the time slots provided per main-channel signal time-slot frame. 



so 



55 



Radio transmission method according to Claim 2, characterized in that the transmission of the check signals is per- 
formed in a check block in the TDMA time-slot frame. 

Radio transmission method according to Claim 3. characterized in that the transmission of the check block is 
always performed at the start of the TDMA time-slot frame, so that the start of a time-slot frame is indicated in each 
case by the transmission of a check block. 



Radio transmission method according to Claim 3, characterized in that a specific, previously specified sequence 



is 
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maintained in the arrangement of the check time slots. 

6. Radio transmission method according to one of the preceding claims, characterized in that a sub-channel is com- 
posed of a check time slot and at least one time slot used for data transmission. 

5 

7. Radio transmission method according to Claim 6, characterized in that the check time slots have a duration which 
deviates from the time slots used for data transmission. 

8. Radio transmission method according to one of the preceding claims, characterized in that a training sequence 
10 which is known both at the transmit end and at the receive end is transmitted within the check signal, it being pos- 
sible to use said training sequence for channel assessment and for determining the channel seizure of the respec- 
tive main channel. 

9. Radio transmission method according to Claim 8, characterized in that the training sequence is transmitted in the 
is centre of the data sequence of the check signal. 

10. Radio transmission method according to one of the preceding claims, characterized in that a sequence which is 
known both at the transmit end and at the receive end is transmitted within the check signal, said sequence being 
assigned unambiguously to the respective cluster and it being thus possible to use it to identify said cluster. 

20 

11. Radio transmission method according to Claim 10, characterized in that the sequence which is assigned to the 
respective cluster is transmitted at the start of the data sequence of the check signal 

12. Radio transmission method according to one of the preceding claims, characterized in that the check block is con- 
25 figured in such a way that the check signals are several dBs stronger than the actual data. 

13. Radio transmission method according to one of the preceding claims, characterized in that sequences which con- 
tain their own subscriber station identifier number (terminal identifier number) and the subscriber station identifier 
number (terminal identifier number) of those subscriber stations (terminals) for which the transmissions are 

30 intended are transmitted within the check signal. 

14. Radio transmission method according to Claim 13, characterized in that the sequences in the data sequence of the 
check signal relating to the identification numbers are transmitted subsequently to the sequence assigned to the 
respective cluster. 

35 

1 5. Radio transmission method according to one of the preceding claims, characterized in that a sequence which indi- 
cates the start position of the time slot which is to be seized first and is used for further connection set-up is trans- 
mitted within the check signal. 

40 16. Radio transmission method according to one of the preceding claims, characterized in that the check signals which 
are to be transmitted are provided with an error protection. 

17. Radio transmission method according to Claim 16, characterized in that the error protection is achieved by means 
of a code rate 1/4. 

45 

18. Radio transmission method according to Claim 1. characterized in that in each case a training sequence which can 
be used for channel assessment and for determining the channel seizure of the respective main channel is trans- 
mitted within the time slots used for the general transmission of information or data. 

so 19. Radio transmission method according to Claim 18, characterized in that the training sequence is transmitted in 
each case in the centre of the data sequence of a time slot. 

20. Radio transmission method according to one of the preceding claims, characterized in that the receiver or receivers 
provided on the basis of the address indicated by a transmitter transmits one or more acknowledgements (conf ir- 

55 mations) which serve to set up or maintain a connection. 

21 . Radio transmission method according to Claim 20, characterized by an acknowledgement during the setting up (ini- 
tialization) of a connection. 
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22. 



23 



24. 



Radn transmission method according to one of the preceding claims including Claims 8 and 18. characterized in 
that the seizure of a channel intended for a transmission is tested by means of a decoder device operating at the 
receive end ,n a subscriber station provided with transmitter and receiver, all the main channels being checked not 
only for the presence of a signal (level) but also to determine whether a check signal and whether trainina 
sequences are being transmitted, and in the presence of check signals a distinction is made between those which 
are associated with the same, that is to say their own cluster, and those which originate from other clusters. 

Radio transmission method according to Claim 22. characterized in that in order to decide whether a signal is that 
of the same cluster or of another cluster, the cluster identifier sequence or the number determined by evaluation is 
compared with that of the original cluster. 

Radio transmission method according to Claim 23. characterized in that deviations determined in the comnarison 
result are permitted. 



25. Radio transmission method according to Claim 23. characterized in that when there is not sufficient certainty with 
regard to the comparison result, comparisons are carried out repeatedly and the results are combined. 

26. Radio transmission method according to one of the preceding claims, characterized in that the seizure of a main 
channel is carried out by the transmitter of a subscriber station only on two preconditions, namely 

a) if the contingent of main channels permitted in the relevant, broad frequency band per cluster that is to sav 
at least one mam channel, has not yet been exhausted for the original cluster and 

b) if - in accordance with the sensing possibilities of the testing transmitter and/or of the receive component 
necessary for this purpose, of a subscriber station which is becoming activated - the respective main channel 
is not seized by a signal of another cluster located in the relatively direct vicinity. 

27. Radio transmission method according to one of the preceding claims including Claim 26. characterized in that after 
a usable main channel has been found, the seizure of a sub-channel is carried out by the transmitter of the sub- 
scriber station which is becoming activated, in the following steps: 

a) the time slot or slots to be seized are checked for the presence of a signal or of signals and a test is also 
carried out to determine whether the necessary number of free time slots, at least one time slot is present- 

b) if the necessary number of free time slots, that is to say at least one time slot, has been found the intention 
to seize a speafic time slot in the TDMA time-slot frame as initialization time slot is signalled via the check 

cnajiriei i 

c) in the following claim, the previously signalled initialization time slot is used and the intention to seize further 
time slots in the frame is signalled by indicating the relevant positions in the initialization time slof 

d) the check block is evaluated by the transmitter of the subscriber station to determine whether an acknowl- 
edgement has been carried out by the receiver, i.e. a confirmation, within a specific period 

e) after the acknowledgement has been received, the transmission takes place in the indicated time slots. 

Radio transmission method according to Claim 27. characterized in that, during the seizure of the sub-channel by 
the transmitter of a subscriber station which is becoming activated, the time slot or slots to be seized are checked 
for the presence of the training sequence. 

Radio transmission method according to Claim 27, characterized in that during the seizure of the sub-channel by 
the transmitter of a subscriber station which is becoming activated after the required number of free time slots has 
been found, the intention of seizing a specific time slot in the TDMA time-slot frame as an initialization time slot is 
realized by inserting the identification signal (initialization time slot position) provided for this purpose, in the same 

cnecK cnannel. 



28. 



29. 



30. 



Radio transmission method according to one of Claims 27 to 29. characterized in that after a useful main channel 
^ ?!" ? , dUfing th6 S6iZUre °' 3 sub - cnannel bv the transmitter of the subscriber station which is becoming 
activated, it is also taken into account whether the seizure of the time slot which is intended as the initialization time 
s ot by another subscriber station is indicated, and will take place, in the check signal element, and in that seizure 
of the relevant time slot by the transmitter of this subscriber station does not take place if the other subscriber sta- 
t.on lies, in the sequence of the check signals, upstream of the transmitter of the subscriber station which is becom- 
ing activated. 
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31. Radio transmission method according to one of Claims 27 to 30, characterized in that, if one or more sub-channel 
signals are already present during the seizure of a sub-channel, the timing of this signal or these signals is deter- 
mined and is used for incorporating its own signals in a correctly timed manner. 

5 32. Radio transmission method according to Claim 31, characterized in that, if one or more sub-channel signals are 
already present during the seizure of the sub-channel, the timing of this signal or these signals is determined with 
the aid of the transmitted training sequences of this signal or these signals. 

33. Radio transmission method according to Claim 32, characterized in that the timing of the training sequence or train- 
10 ing sequences is determined by correlating the received data sequences with the stored reference sequence. 

34. Radio transmission method according to one of the preceding claims, characterized in that the transmission quality 
after the seizure of a main channel by the addressed receiver of a subscriber station which is becoming activated 
is tested for a certain time and the result of this testing is communicated to the relevant transmitter of this subscriber 

is station. 

35. Radio transmission method according to Claim 34, characterized in that when inadequate quality is determined, a 
new main channel is searched for, the evaluation of the transmitted check signals within the provided transmission 
ranges enabling it to be concluded reliably whether a transmission is to take place. 

20 

36. Radio transmission method according to one of the preceding claims, characterized in that, for the transmission, 
either QPSK (Quadrature Phase Shift Keying) - or optionally DQPSK (Differential QPSK) modulation or 16-QAM 
(Quadrature Amplitude Modulation) modulation is used selectively, i.e. depending on the requirements made of the 
channel and in accordance with the data bit rate to be transmitted. 

25 

37. Radio transmission method according to one of the preceding claims, characterized in that QPSK or optionally 
DQPSK modulation is used for the transmission of the check signals. 

38. Radio transmission method according to one of the preceding claims, characterized in that the time slots of different 
30 subsignals of a main channel signal are separated by so-called guard time intervals which do not, however, contain 

any information. 

39. Radio transmission method according to one of Claims 26 to 38. characterized in that when searching for a main 
channel, insofar as the contingent has not yet been exhausted, the signal strength of the channels is taken into 

35 account in the case in which a completely free channel has not been found during a first test and there is no chan- 
nel with sufficiently free capacity in the same duster, and that channel - with the exception of the same cluster - 
which has the lowest level is newly seized, which constitutes the most favourable precondition for the transmission 
of the same cluster and entails the lowest probability that the transmission in other clusters is disrupted. 

40 40. Radio transmission method according to one of Claims 26 to 39, characterized in that, when searching for a main 
channel, insofar as the contingent has not yet been exhausted, a defined limit value of the reception level or afield 
strength limit value is taken into account in the case in which the signal of the tested main channel originates from 
another duster, and in that a seizure is not performed if a specific value is reached or exceeded. 

45 41. Radio transmission method according to one of Claims 26 to 40, characterized in that, when searching for a main 
channel, interference signals are also taken into account, so that, if possible, a channel which is not subject to inter- 
ference or is subject to as little interference as possible, can be selected, it being possible to perceive the interfer- 
ence signals by the fact that they contain none of the defined check signals and therefore do not provide any result 
during the test. 

50 

42. Radio transmission method according to one of the preceding claims, characterized in that the transmitters of the 
subscriber stations transmit in each case important auxiliary information and/or control information which is 
intended for receivers of oversubscriber stations of the same cluster. 

55 43. Radio transmission method according to Claim 42, characterized in that the additional signals containing this aux- 
iliary information and/or control information is transmitted in the same time slots as the check signals. 

44. Radio transmission method according to one of Claims 42 and 43, characterized in that, in the subscriber stations, 
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the receive component which is provided for general reception of data transmissions is designed in such a wav th*t 
it can be used for testing the additional signals during the channel seizure phase. V 

45. Radio transmission method according to one of the preceding claims characterized in that th a 
of the clusters and the subscriber stations (terminate al.ocUS^^^^^ 

wh.ch all the subscriber stations of a cluster are to be subjected. '"'tiahzation procedure to 

t0 Qaim ^ *- - ^cation of the ident.er numbers is 

10 

47. Radio transmission method according to Claim 45. characterized in that the allocation of the identifier numh* re ;<= 
performed by using a uniform "smart card". identifier numbers is 

is **' aSnr^T SS !° n meth0d aCC ° rdin9 t0 C ' aim ^ chara «erized in that the allocation of the identifier numbers is 
is performed by a transmission possibility by means of direct coupling. aenur.er numbers is 

49. Radio transmission method according to Claim 45. characterized in that the allocation of the identifier numh^ « 
perform* by means of an automatic procedure during a switch-on procedure which tai^a^J^ 

20 

5 °" mfnl!T nSmiS ! i0n "T" aCCOfdin9 t0 ° ne ° f C ' aimS 45 to 49 ' in that the subscriber stations (ter- 

minate) transmit ,n addition to the cluster and subscriber station identifier numbers, an equpmenTcteM n^nler 
wh,ch can be selected from a specific quantity of equally long numbers, for example ccnSS^^tS!^ 

52 ' mS SSnTS^^^ * C ' aim CharaCteriZ6d ^ ^ ^ *- «*« « t-s- 

30 

^ SS t0 C ' aim CharaCteriZ6d " ^ thS Class « trans- 

54. Radio transmission method according to Claim 50, characterized in that the equipment class numbers serve to dis 
tinguish between, for example, television sets, video recorders, computed cor^t2£££ TZ same 
numbers also bemg used for other clusters, so that they cannot be used to distinguish between SerentSlteT 

55. Radio transmission method according to Claim 50. characterized in that the transmission of the cluster and sub 
scnber .dentrfier numbers as well as of the equipment class numbers does not take placed the ZS^JSL *me 
s^ot of each time-slot frame but rather at relatively long intervals, for example in eve^y ^^^T^SSTSS 
ZZZST" "** ^ ^ * UMd ** ^ tranSmiSSi ° n 0f ° ther ' h «* information S "nTro 



45 



50 



55 



56 ' mftS !n ^0^.^ r^f" 9 * ■° n6 ° f PreC&iin9 daimS - ^cterized * that the information trans- 
ited in the normal mformation element .s provided with an error protection appropriate for the channel. 

5? ' mSS tra "r iSSi ° n accordin 9 to one of Preceding claims, characterized in that the information trans- 

mitted .n he normal information element is subjected to a scrambling process during transmS^n and 7c > a 
descrambl.ng process during the decoding to be carried out at the receive end. transmission and to a 

mSS TtoTnTir? 0 * aCCOr< ! in9 10 ° f *~ PreC6ding C,aimS ' chara ^rized in that the information trans- 

KSa^eS2L'2S27 S ^ jeCted 10 30 6nCryPti0n PrOC6SS duri "9 transmission and is sub- 

jectea to a decryption process during the decoding to be carried out at the receive end. 

59 ' nSmiSSion metnod acc °rding to one of the preceding claims, characterized in that in the case of a sub- 

one or !n m ^ framS r6mainS U "*«W. a<*P'te time slots which are now empty until 

one or more newly added subscribers use the free time slots. 
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